Acute pancreatitis is a pregnancy complication potentially lethal for both the mother and fetus, occurring most frequently in the third trimester or early postpartum. Hypertriglyceridemia may be the cause of important disease in pregnant patients. Patients with triglyceride levels exceeding 1000 mg/dL are at increased risk of developing severe pancreatitis. Diagnostic criteria and management protocols are not specific for pancreatitis complicating pregnancy. Other causes of acute abdominal pain must be considered in the differential diagnosis. Decision-making in the obstetric context is challenging and bears potential legal implications. Pre-pregnancy preventive measures and prenatal antilipemic treatment are mandatory in high risk patients.
Acute pancreatitis (AP) is a rare cause of abdominal pain in pregnancy with a cited incidence of 1/1000-10,000 depending on the diagnostic criteria used and provided accurate diagnosis is not always achieved [1] [2] [3] . The majority of cases occur in the third trimester or early postpartum and carry an increased maternal and fetal morbidity and mortality potential [4] . Maternal death rate due to pancreatitis was reportedly 37% and fetal death rate 60%, in decline recently as a result of more advanced diagnostic and therapeutic possibilities [5] [6] [7] . Pregnancy associated pancreatitis may occur on the background of gallstone disease, alcohol abuse and hypertriglyceridemia (HTG) [8] [9] [10] . It appears that HTG aggravates the severity score and prognosis of disease [7, 11, 12] .
AP in pregnancy is a challenge for the clinician since it may be complicated by the onset of labor or obstetrical emergencies. Moreover, the rare occurrence of this condition makes the clinician less suspicious of such an etiology of acute abdominal pain in pregnancy which can delay diagnosis and management and jeopardize fetal outcome. This singularizes further HTG-AP since neither its diagnosis, nor patient approach are fully superposable to the general criteria used for pancreatitis, making this pathology a clinical strategy and medical responsibility issue.
There no currently available obstetric guidelines which highlight the role of HTG and regulate the management of disease are still absent on account of the low incidence rates and scarce clinical data. There are no mentions of pregnancy considerations in guidelines addressing AP management in the general population. Therapy relies on the expertise of the clinician which translates into a susceptibility to medical-legal and malpraxis issues.
Lipid metabolism in pregnancy and HTG induced pancreatitis pathogenesis
Normal pregnancy is characterized by adaptive lipid metabolism changes meant to ensure placental needs and glucose and lipid requirements of the growing fetus: increased glucose production, progesterone synthesis and lipogenesis, diminished lipolysis [13, 14] . In women with abnormal lipoprotein metabolism these changes lead to severe HTG and may precipitate pancreatitis [15] . Although serum triglycerides (TG) peak in the third trimester, total serum TG level rarely exceeds 300 mg/dL (3.3 mmol/L), a concentration that is not sufficient to cause AP.
HTG may be primaryin congenital chylomicronemia syndrome related to lipoprotein lipase or apoproteins C-II deficiency [16] , or secondary in patients with obesity or metabolic syndrome, unrecognized or uncontrolled diabetes mellitus, alcohol consumers, drug use (tamoxifen, steroids, diuretics, beta-blockers, atypical antipsychotics) or may lack any predisposing factor [17] [18] [19] .
The exact pathogenesis behind HTG-induced AP is not fully understood. TG accumulating around the pancreas are hydrolyzed by pancreatic lipase leading to the accumulation of high levels of free fatty acids [20] . These are believed to be toxic to acinar cells and the capillary endothelium. At the same time, increased chylomicron concentrations, can lead to capillary plugging, ischemia, and acidosis. In this acidic environment, free fatty acids activate trypsinogen and trigger AP [21] .
Diagnostic pitfalls in pregnancy
The diagnosis of AP in pregnancy in difficult since symptoms may mimic any other disease presenting with abdominal pain or the onset of labor. Sometimes, AP onset itself may trigger labor due to peritoneal irritation. Acute medical and surgical conditions presenting with acute abdominal pain must be excluded: myocardial infarction, peptic ulcer, appendicitis, cholecystitis, acute mesenteric ischemia, gastro-intestinal or pancreatic cancer, pyelonephritis etc. Furthermore, obstetric complications must be taken into consideration and carefully ruled outacute fatty liver of pregnancy, preeclampsia, HELLP syndrome, placental abruption, uterine rupture [22] . The setting of abdominal pain in patients with advanced gestation is particular due to the presence of the enlarged uterus with mechanic upward and lateral displacement on maternal organs, as well as to physiologic changes in pain perception [23] . In term patients with locally complicated disease by acute peri-pancreatic fluid collection it is difficult to achieve diagnosis [16, 17] .
HTG-AP cases are typically associated with high serum TG levels (≥1000 mg/dL). However, in certain instances, HTG may be concealed as disease trigger since TG levels drop after a few days of fasting. There have been reports of AP in pregnancy in patients with only HTG as identifiable trigger but at lower levels than the above-mentioned threshold. HTG levels susceptible to activate pancreatitis are thus questionnable [1, 21] . This Moreover, AP diagnosis can be overlooked because serum amylase levels may also be within the normal range at admission [24] .
Management and therapeutic options
The clinical presentation of HTG-AP does not differ from other etiologies, except from the diagnostic traps derived from the obstetric context. Once the correct diagnosis achieved, management principles of pregnant patients follow current guidelines for the general population but are complicated by the decision regarding the timing and route of delivery. It is mandatory that HTG are returned to the normal range [24] . However, there are restrictions regarding chronic antilipemic use in pregnancy due to the lack of consistent studies conducted on humans. Following delivery patient approach returns to non-pregnant population protocols.
Lipid lowering agents in pregnancy -Antilipemic agents are the first line of treatment in patients with HTG induced AP of non-pregnant patients. However, these drugs have been only scarcely studied in pregnant women and there is limited information regarding fetal effects [25] . Omega-3 fatty acids are safe for pregnancy use as monotherapy to decrease maternal TG levels, have a rapid onset of action but only moderate effects [26, 27] . Nicotinic acid has only been used in case reports of pregnant women during the first trimester of pregnancy without proven fetal adverse effects [28, 29] , however treatment later on in pregnancy has not been advocated. Fibrates use is limited during pregnancy because little data is available from well-designed studies and further research is required to support their use in pregnant women [30] . Statins have potentially teratogenic effects and their use in pregnant patients is restricted, even though studies are controversial [30] . Since moderate risk of fetal developmental abnormality cannot be excluded with statin use, they received FDA (Food and Drug Administration) category X designation [31] .
Insulin and heparin -Insulin enhances lipoprotein lipase activity and leads to chylomicron degradation thus reducing HTG, while heparin stimulates the releases of lipoprotein lipase which adheres to endothelial cells and decreases serum TG levels [32] . Long-term heparin use will deplete lipoprotein lipase on the surface of endothelial cells having the opposite HTG triggering effect and lead to pancreatitis. Watts et al. describe this in the case report of a pregnant patient. A case report described a pregnant woman who developed HTG-pancreatitis after long-term heparin use [33] .
Apheresistherapeutic plasma exchange serves to decrease TG levels, reduce inflammatory cytokines, and replace deficient lipoprotein lipase or apolipoproteins when plasma is used as the replacement fluid [34] . In HTG-AP, apheresis may be used as established by the American Society of Apheresis Guidelines [35] . There are several small-scale studies and clinical case which evaluated the use of plasma exchange in pregnant patients rendering it effective and safe [36] [37] [38] [39] . Studies comparing the effect of plasmapheresis versus conservative management on morbidity and mortality in cases of HTG-induced pancreatitis found no statistical difference [40] .
Obstetric decisions and maternal-fetal outcome Pregnancy termination
Interruption of pregnancy is decided by a team involving gastroenterologists, surgeons and obstetricians to minimize fetal loss. Counseling and consent of the couple are mandatory. Confirmed stillbirth, the mandatory use of fetotoxic medication for pancreatitis treatment or organ failure are indications of termination of pregnancy, regardless if requires a term/preterm natural delivery or cesarean section [7] . Pregnancy termination can be regarded as a necessary condition to achieve AP cure [39] .
When possible, vaginal delivery is preferable to limit the risk of infection and necrosis associated with laparotomy. However, pregnancy should be terminated by caesarean delivery as soon as possible in case of hyperlipidemic pancreatitis because of the significantly increased risk of maternal and fetal mortality. Emergency surgical delivery is indicated in patients with deteriorated condition after 24-48 h of treatment, no improvement of paralytic ileus, stillbirth, fetal malformations, fetal distress and severe pancreatitis. The potential need to perform prophylactic hysterectomy Severity HTG is an independent indicator of poor prognosis in AP. Elevated serum TG independently and proportionally correlate with persistent organ failure in AP patients, regardless of etiology [61] .
Prophylactic measures
Lifestyle None a There are no currently available obstetric guidelines which tackle or mention the management of HTG-AP (or AP of other etiologies), nor is there any reference to the obstetric patient in currently available guidelines for the management of AP in the general population to avoid the latter risk of uterine wound infection from the pancreatic site should be taken into account, especially in multiparous patients [41] .
Maternal outcome
Recent data shows that HTG is a risk factor for delayed pancreatic regeneration after AP [42] . Lipid profile must be monitored long term after recovery and the patient must be counseled regarding the risk of recurrent episodes of AP, hyperlipoproteinemia, diabetes melllitus and hyper-viscosity syndrome in later life.
Fetal implications
The fetus from an AP pregnancy is exposed to the risk of threatened preterm labor, prematurity and death [7, 43, 44] . Regarding the follow-up of fetuses from hyperlipidemic patients, results of pathology studies performed on 6-month-old deceased fetuses of mothers with hypercholesterolemia compared to mothers with normal cholesterol levels revealed the presence of fatty streaks at aortic level [45, 46] . The hypothesis of fetal metabolic programming suggests that HTG in pregnancy may bear later life consequences on the product of conception. Early adjustments to specific nutritional conditions influence the future physiology and continue to be expressed even in the absence of the condition that initiated them [47] . Fetuses from hypertriglyceridaemic pregnancies are at risk for impaired lipid homeostasis and atherosclerosis through yet poorly understood mechanisms. Studies performed on animals have shown that permanent changes in either DNA (deoxyribonucleic acid) methylation or chromatin modification, or the activation of genes involved in immune pathways and fatty acid metabolism are possible pathways of epigenetic metabolic programming during embryonic/fetal development [48] [49] [50] .
Pre-conceptional and prenatal counseling in high risk patients
Patients with HTG taking lipid-lowering therapies should discontinue treatment prior to and during pregnancy since data regarding drug safety are conflicting [29, 41, 51] . They should be informed about the possible exacerbating factors and complications of pregnancy. Lifestyle adjustments are essential, such as a low fat and omega-3 fatty acid rich diet, exercise, abstention from alcohol, and control of secondary triggering factors -diabetes mellitus and drugs which may induce AP (β-adrenal blockers, glucocorticoids, cimetidine, estrogen, oral contraceptives). Excessive weight gain during gestation should be avoided. Glycemic control should be achieved preconceptionally in order to help lower lipid levels, especially in diabetic women [52] .
During pregnancy, TG levels should be closely monitored in high risk patients. Timely antilipemic treatment with omega-3 fatty acids and nicotinic acid should de ensured to maintain lipid profile parameters within the normal range. There are authors who support the use of apheresis in the treatment of pregnancy HTG as preventive measure for pancreatitis [53] .
The main features which differentiate HTG-AP occurring in pregnancy from the disease occurring in nonpregnant patients are summarized in Table 1 . Despite its being an unexpected event in pregnancy, this pathology must be warranted for and looked for given its potentially severe maternal and fetal complications. We may speculate that the rising trend of obesity worldwide may have a negative impact on the incidence of this disease, in pregnancy and otherwise.
Conclusions
HTG induced AP is a rare but devastating complication of pregnancy with high mortality potential for both the mother and fetus. Prophylactic measures are essential, namely avoiding excessive weight gain in pregnancy and ensuring lipid and glycemic control prior to and during gestation. Further studies are required to identify safe treatment options during pregnancy. Guidelines are required to establish specific diagnostic criteria or dictate the management in severe cases which mandate challenging obstetric decisions and may trigger medical-legal implications.
Abbreviations AP: Acute pancreatitis; DNA: Deoxyribonucleic acid; FDA: Food and Drug Administration; HTG: Hypertriglyceridemia; TG: Triglycerides
